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Breast cancer is probably the most prevalent cancer in women. The development of resistance to ther-
apeutic agents and lack of targeted therapy for breast cancer cells provide motivation to identify new
compounds for the treatment. With this objective in mind, a new series of 3-fluoro-4-methoxyphenyl
group based 1,3,5-trisubstituted aryl-5-hydroxypyrazoline analogues 4ael was synthesized through
multi-step reaction sequence. The structures of the newly synthesized compounds were confirmed by IR,
1H NMR, 13C NMR, LC-MS and elemental analysis. They were screened for their in vitro anticancer and
in vitro antioxidant activities. Among the tested compounds 4h, 4c and particularly 4i displayed
promising cytotoxic effect on breast cancer cell lines. The compounds were also found to possess anti-
oxidant activity when tested against DPPH free radical. Overall, this work has contributed to the
development of promising leads for anticancer and antioxidant activities.

© 2015 Elsevier Masson SAS. All rights reserved.
1. Introduction

Cancer, the uncontrolled, rapid and pathological proliferation of
abnormal cells, is among the major worldwide health problems.
Despite significant advances in diagnostic and therapeutic tech-
niques, it is now the secondmajor fatal ailment liable for 8.2million
deaths in 2012 [1]. Breast cancer is one of the most commonly
diagnosed cancers, accounting for ~20% of all malignancies
worldwide and over half a million women develop breast cancer
every year. In India, almost 100,000 women are diagnosed with
breast cancer every year and a rise to 131,000 cases is predicted by
2020 [2,3]. In general, breast cancer is broadly classified as an
endocrine receptor (i.e., estrogen receptor or progesterone recep-
tor), positive or negative. Numerous studies have revealed that
estrogens are predominantly active in the initiation and prolifera-
tion of breast cancer. Many women ultimately develop metastatic
breast carcinoma, which is essentially an incurable disease and the
raja).

served.
prognosis has changed little over the past decade [4]. Among all the
current therapeutic methods, chemotherapy has become one of the
most significant treatment modalities in cancer management.
Many current breast cancer chemotherapy treatments are often
associated with side effects and the development of drug resistance
in cancer cells, whereby majority of the patients succumb to their
disease within 2 years of diagnosis. Hence, there is a great need for
novel small molecules with the potential to effectively manage the
different breast cancer subtypes [5e7].

In the last few decades, research has been focussed on chemi-
cally synthesized or natural product derived compounds as anti-
cancer entities. Heterocyclic ring systems have emerged as
powerful scaffolds for many biological evaluations. Heterocyclic
compounds provide scaffolds on which pharmacophores can
arrange to yield potent and selective drugs [8]. Triaryl substituted
heterocyclic class of compounds represented by structure A (Fig. 1)
have attracted considerable interest in the development of poten-
tial anticancer agents. Pyrazole and pyrazoline are prominent
structural motifs found in numerous antitumor agents [9]. Several
1,3,5-triaryl-4-alkyl-pyrazoles have been evaluated as breast cancer
treatments with the goal of reducing both toxicity and increasing
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Fig. 1. Structural relatedness of hydroxypyrazolines (C) and triaryl substituted pyrazole (B) analogues with the triaryl substituted heterocyclic model (A).
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the response rate as an antitumor agent [10]. Ying Huang and John
Katzenellebogen found that triaryl-substituted pyrazole repre-
sented by structure B (Fig. 1), was good ligand for ER [11]. Since the
development of triaryl substituted heterocyclic template has
formed the backbone of a multitude of non-steroidal estrogen ag-
onists as well as antagonists.

Numerous studies have demonstrated that in addition to cancer,
oxidative stress on the cell has increased dramatically. The oxida-
tive stress reflects an imbalance between the oxidants and the
antioxidant favoring the oxidants implies damage of all essential
bio-compounds like proteins, DNA and membrane lipids and can
result in cell death [12]. There is increasing evidence showing the
involvement of oxidative stress induced by free radicals and reac-
tive oxygen species (ROS) in a variety of diseases and pathophysi-
ological events including inflammation, cancer, myocardial
infraction, arthritis and neurodegenerative disorders [13]. Antiox-
idants can minimize or inhibit the oxidative damage by interrupt-
ing the free radical formation or terminating the chain reaction.
Antioxidants may slow or possibly prevent the development of the
above mentioned diseases [14,15]. On the other hand, many
chemotherapeutic agents act by producing free radicals, causing
oxidative stress in normal cells [16]. A mono therapy of an anti-
cancer drug with antioxidant properties will probably become
more advantageous from the pharmaco-economic point of view.

Among the nitrogen heterocycles, pyrazoline and their de-
rivatives are acknowledged to possess a wide range of bioactivities
[17]. Pyrazolines are used as anticancer [18,19], antioxidant [20],
antitumor [21], anti-inflammatory [22], trypanocidal [23], MAO-B
inhibitors [24], agonist of cannabinoid receptors [25] and antide-
pressant agents [26]. Therefore, the pyrazoline motif makes up the
core structure of numerous biologically active compounds. Many
fluorinated organic molecules often exhibit remarkable physical
and biological properties which originate from the CeF bond with a
wide range of applications [27]. Around 20% of all licensed phar-
maceutical products over the last 50 years contain a fluorine atom.
In the recent past, it was found that fluorinated drugs are meta-
bolically non-degradable, thereby, enhancing the rate of absorption
and transfer of the drug to the active site in the body [28]. Since
there are very few naturally occurring fluorine-containing com-
pounds and there being a great demand for fluorinated chemicals
worldwide, it is necessary to synthesize fluorinated organic com-
pounds. Recently Sharma et al., reported synthesis and in vitro
antitumor activity of novel fluorine containing pyrazoles and pyr-
azolines. These compounds exhibited excellent cytotoxicity against
MCF-7 breast cancer cell line [29]. Sarojini and co-workers revealed
that fluorine containing hydroxypyrazolines showed potential
antiproliferative activity [30]. Based on these aspects, it was
decided to report the synthesis and study of in vitro anticancer and
in vitro antioxidant activities of a new series of 1,3,5-trisubstituted
aryl-5-hydroxypyrazoline analogues.
2. Chemistry

The hydroxypyrazolines 4aelwere synthesized according to the
literature method [30] as shown in Scheme 1. In the first step,
synthesis of chalcones was carried out by the well-known Clai-
seneSchmidt reaction, and the products were purified by recrys-
tallization from ethanol (60e70% yield). Chalcones 1a-l were
converted to chalcone dibromides 2a-l. The intermediate 3-fluoro-
4-methoxybenzohydrazide 3 was prepared according to the liter-
ature procedure [31]. Condensation of chalcone dibromides 2a-l
with 3-fluoro-4-methoxybenzohydrazide 3 in the presence of
triethylamine using absolute ethanol as solvent of reaction gave the
desired product. Further purification was done by recrystallization
from ethanol.

The structures of the hydroxypyrazolines 4ael were deter-
mined by elemental analysis, IR, 1H NMR, 13C NMR and LC-MS
spectral studies (Table 1). In the IR spectrum of hydroxypyrazo-
line 4c, a broad absorption band around 3373 cm�1 indicated the
presence of the hydrogen bonded hydroxyl group in the com-
pound. The amide carbonyl stretching frequency was observed at
1614 cm�1. The shift in the frequency of lower values could be
explained on the based on the mesomeric shift and intra-
molecular hydrogen bonding. The other prominent absorption
bands observed in the IR spectrum are 3097 (Ar CeH), 2935
(CeH), 1566 (C]C) and 1176 (CeF) cm�1. The 1H NMR spectrum
of 4c showed that the proton of the hydroxyl group resonated as
a singlet at d 5.44. The methylene protons of hydroxypyrazoline
ring appeared as two doublets centred at d 3.57 and d 3.66 with a
geminal coupling constant (J ¼ 18 Hz). The appearance of the two
doublets clearly reveals the magnetic non-equivalence of the two
protons of the CH2 group adjacent to a chiral centre. The two
sharp singlets at d 3.86 and d 3.96 assigned for methoxy protons.
The four protons of p-anisyl moiety resonated as two doublets at
d 6.97 and d 7.69 (J ¼ 8.8 Hz). Two doublets and one double-
doublet at d 7.02 (J ¼ 8.4 Hz), d 7.39 (J ¼ 2 Hz), and d 7.37
(J ¼ 2.4 Hz) were due to the aromatic protons of the 2,4-
dichlorophenyl moiety. The protons of 3-fluoro-4-
methoxyphenyl ring resonated as complex multiplets at
d 7.85e7.94. Further, the 13C NMR spectra of 4c confirmed the
presence of a pyrazoline ring by exhibiting signals at d 48.9 and
d 91.1 as a singlet attached to sp3 carbons due to C-4 and C-5
carbons, respectively. The two signals due to OeCH3 carbons
appear at d 55.8 and d 56.6, and a signal due to the carbonyl
carbon appears at d 162.8. Other aromatic carbons were observed
in the expected regions. The LC-mass spectral data of compound
4c provided further evidence of its correct structure. The mo-
lecular ion peak was observed at 487 as expected for m/z value
[M�H]�. Elemental analysis of C, H, and N are within ±0.1% of the
predicted values. In the same way, the structures of all the final
compounds were confirmed by their characterization data.
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Scheme 1. Synthesis of 1,3,5-trisubstituted aryl-5-hydroxypyrazolines (4ael).

Table 1
Characterization data of hydroxypyrazolines 4ael.

Compound R R1 Mol. formula m.p. (
�
C) Yield% Analysis%

Found (calculated)

C H N

4a 2,4-Cl2 H C23H17Cl2FN2O3 170e172 72 60.12 (60.15) 3.75 (3.73) 6.07 (6.10)
4b 2,4-Cl2 4-CH3 C24H19Cl2FN2O3 143e145 80 60.88 (60.90) 4.08 (4.05) 5.89 (5.92)
4c 2,4-Cl2 4-OCH3 C24H19Cl2FN2O4 148e150 76 58.94 (58.91) 3.93 (3.91) 5.68 (5.72)
4d 2,4-Cl2 4-F C23H16Cl2F2N2O3 160e162 65 57.86 (57.88) 3.41 (3.38) 5.85 (5.87)
4e 2,4-Cl2 3-Cl-2-F C23H15Cl3F2N2O3 110e112 68 54.00 (53.98) 2.97 (2.95) 5.50 (5.47)
4f 2,4-Cl2 3-F-4-CH3 C24H18Cl2F2N2O3 154e156 73 58.65 (58.67) 3.72 (3.69) 5.66 (5.70)
4g 4-CH3 H C24H21FN2O3 100e102 71 71.30 (71.27) 5.21 (5.23) 6.96 (6.93)
4h 4-CH3 4-CH3 C25H23FN2O3 138e140 84 71.73 (71.76) 5.56 (5.54) 6.67 (6.69)
4i 4-CH3 4-OCH3 C25H23FN2O4 88e90 85 69.09 (69.11) 5.31 (5.34) 6.49 (6.45)
4j 4-CH3 4-F C24H20F2N2O3 231e233 74 68.28 (68.24) 4.79 (4.77) 6.60 (6.63)
4k 4-CH3 3-Cl-2-F C24H19ClF2N2O3 250e252 69 63.12 (63.09) 4.22 (4.19) 6.15 (6.13)
4l 4-CH3 3-F-4-CH3 C25H22F2N2O3 163e165 70 68.76 (68.80) 5.10 (5.08) 6.38 (6.42)
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3. Pharmacology

3.1. In vitro cytotoxicity assay

Cytotoxicity of all the synthesized compounds were determined
on the basis of measurement of in vitro growth inhibition of tumor
cell lines in 96 well plates by cell-mediated reduction of tetrazo-
lium salt to water insoluble formazan crystals using doxorubicin as
a standard. The cytotoxicity as assessed against human breast
adenocarcinoma cell lines (MCF-7, MDA-MB-231) and VERO
(normal monkey kidney epithelial cell line) using the MTT (3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide)
colorimetric assay [32,33]. The IC50 values (50% inhibitory con-
centration) were calculated from the plotted absorbance data for
the doseeresponse curves. IC50 values (in mM) are shown as
mean ± SD of three independent experiments.
3.2. In vitro antioxidant activity using DPPH radical scavenging
assay

The hydrogen atom or electron donation ability of the com-
pounds was measured from the bleaching of the purple colored
methanol solution of 1,1-diphenyl-1-picrylhydrazyl (DPPH)
[34e36]. The spectrophotometric assay uses the stable radical
DPPH as a reagent. 1 mL of various concentrations of the test
compounds (25, 50 and 100 mg/mL) in methanol was added to 4 mL
of 0.004% (w/v) methanol solution of DPPH. After a 30 min incu-
bation period at room temperature, the absorbance was read
against blank at 517 nm. The DPPH free radical scavenging activity
of the molecules, as measured to the conventional antioxidant and
was expressed as percent inhibition according to the following
formula:

% Inhibition ¼ ½ðAbsControl � AbsSampleÞ=AbsBlankÞ� � 100

Where, Abscontrol is the absorbance of the control reaction (con-
taining all reagents, except the test compound) and Abssample is the
absorbance of the test compound. Tests were carried at in triplicate.
4. Results and discussion

4.1. Single-crystal structural characterization by X-ray

X-ray crystallographic data for the compounds were collected at
temperature 296 K on Bruker X8 Proteum2 X-ray diffractometer
with X-ray generator operating at 45 kV and 10 mA by using CuKa

radiation of wavelength l ¼ 1.54178 Å. Data were collected with
different settings of 4 equal to 0� and 90� by keeping the scanwidth
of 0.5�, exposure time of 5 s and the sample to detector distance,
45.10 mm. A complete data set was processed using SAINT PLUS
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[37]. The structure was solved by direct methods and refined by
full-matrix least squares method on F2 using SHELXS and SHELXL
[38]. After several cycles of refinement, the final difference Fourier
map showed peaks of no chemical significance and the residual is
saturated to 0.054. The geometrical calculations were carried out
using PLATON [39]. The molecular and packing diagrams were
generated using MERCURY [40].

The spatial structures of compounds 4b and 4cwere determined
by using X-ray diffraction analysis. The single crystals were grown
from ethanol solution at room temperature. The molecular views of
4b and 4c are shown in Fig. 2. The crystal and instrumental pa-
rameters used in the unit cell determination, the data collection,
and structure refinement parameters are presented in Table 2. The
study of torsion angles asymmetric parameters and least-squares
calculations of compound 4b reveals that the pyrazoline rings
adopts an envelope conformation on C2 and its mean plane makes
dihedral angles of 14.76(16)�, 10.70(17)� and 80.49(17)� with the
fluoromethoxyphenyl, methylphenyl and the dichlorophenyl rings
respectively. In the compound 4c, the central pyrazoline ring
adopts a twisted conformation on the C3eC2 bond and its mean
planemake dihedral angles of 19.38(15)�, 14.55(16)� and 82.07(16)�

with the fluoromethoxyphenyl, methoxyphenyl and the dichlor-
ophenyl rings respectively. Both the structures possess a chiral
center at C2 with R and S conformations respectively. Since the
molecules have crystallized in a centrosymmetric space group, we
can surmise that the compounds crystallize as a racemate. The
supplementary crystallographic data can be obtained free of charge
at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cam-
bridge Crystallographic Data Centre (CCDC), 12 Union Road, Cam-
bridge CB2 1EZ, UK; fax: þ44(0) 1223 336 033; email: deposit@
ccdc.cam.ac.uk].
4.2. Effects of the compounds on the viability of human breast
adenocarcinoma cancer cells

The newly synthesized hydroxypyrazolines bearing 3-fluoro-4-
methoxyphenyl moiety 4ael as potential anticancer agents were
evaluated for their in vitro cytotoxicity against human breast
adenocarcinoma (MCF-7, MDA-MB-231) and normal monkey kid-
ney epithelial (VERO) cell lines using the standard MTT assay. From
the data reported in Table 3, revealed that the compounds 4ael
Fig. 2. Molecular structures of compounds (a) 4b and (b) 4c showing the atom
were non-toxic to the normal cells along with the cancer cell lines,
i.e., on MCF-7 and MDA-MB-231, except compounds 4b, 4c, 4f, 4h
and 4i. Among them, compound 4i was exhibited most potent ac-
tivity against MCF-7 and MDA-MB-231 cell lines with IC50 values of
1.86 ± 0.02, 2.45 ± 0.05 mM, comparable to the positive control
Doxorubicin. Compounds 4h and 4c showed promising inhibitory
activity (IC50 ¼ 5.44 ± 0.03 mM for MDA-MB-231,
IC50 ¼ 7.98 ± 0.03 mM for MCF-7, IC50 ¼ 11.39 ± 0.04 mM for
MDA-MB-231, respectively). However, compound 4c showed equal
cytotoxicity on normal VERO cell line with IC50 value
25.04 ± 0.16 mM.Moreover, the compounds 4f and 4bwere found to
have selective toxicity against the cancer cell line, i.e., on MCF-7 as
their IC50 values were found to be 21.35 ± 0.14, 36.69 ± 0.06 mM,
respectively. A closer look into the structure activity relationship
suggests that the cytotoxic potency was highly dependent, not
surprisingly, on the substitution types and patterns on the phenyl
rings. The different substituents on the two phenyl rings attached
at the C-3 and C-5 of the pyrazoline ring can slightly alter the
cytotoxicity against the cancer cell lines tested. However, replacing
the hydrogen with an electron donating group on the phenyl ring
attached to the C-3 position of the pyrazoline ring resulted in a
significant activity increase. The compounds with methoxy, methyl
groups in 4i, 4h and 4cweremore effective in inhibiting cancer cell
growth, which was probably caused by favorable steric interactions
of the bulky hydrophobic groups with the binding site. Also, the
results clearly indicate that the halogenated substitution on the
phenyl ring attached to the C-5 position of the pyrazoline ring
showed better activity against the MCF-7 cancer cell line. Hence,
the biological response increased by halogenated analogs than
their non-halogenated motifs. This is probably due to enhanced
lipophilicity, pharmacokinetic properties, physicochemical prop-
erties, endurance for metabolic destruction and electronegativity.
4.3. Antioxidant activity against DPPH radical

A perusal of Table 4 reveals that all the tested compounds
possessed moderate to good antioxidant activity and indicates that
radical scavenging activity in DPPH increases with concentration.
The maximum radical scavenging activity has been exhibited by
compounds 4i, 4h followed closely by 4c, since it is evident from
their IC50 values 16.08 mg/mL, 16.61 mg/mL and 17.70 mg/mL
ic numbering. The displacement ellipsoids are drawn at 50% probability.

http://www.ccdc.cam.ac.uk/conts/retrieving.html
mailto:deposit@ccdc.cam.ac.uk
mailto:deposit@ccdc.cam.ac.uk


Table 2
Crystallographic data and structure refinement details for 4b and 4c.

Compound 4b Compound 4c

CCDC deposit No. CCDC 1406922 CCDC 1406977
Empirical formula C24H19Cl2FN2O3 C24H19Cl2FN2O4

Formula weight 473.31 489.31
Temperature 293(2) K 293(2) K
Wavelength 1.54178 Å 1.54178 Å
Crystal system, space group Monoclinic, P21/c Monoclinic, P21/c
Unit cell dimensions a ¼ 13.5196(10) Å

b ¼ 12.7542(8) Å
c ¼ 12.7141(9) Å
b ¼ 97.219(4)�

a ¼ 14.7599(18) Å
b ¼ 12.6135(15) Å
c ¼ 12.2612(14) Å
b ¼ 97.505(7)�

Volume 2174.9(3) Å3 2263.2(5) Å3

Z, Calculated density 4, 1.445 Mg/m3 4, 1.436 Mg/m3

Absorption correction Multi-scan Multi-scan
Absorption coefficient 3.017 mm�1 2.953 mm�1

F(000) 976 1008
Crystal size 0.3 � 0.27 � 0.25 mm 0.28 � 0.26 � 0.23 mm
Theta range for data collection 3.29�e64.61� 5.05�e64.50�

Limiting indices �15 � h � 15
�14 � k � 14
�14 � l � 12

�17 � h � 16
�14 � k � 13
�14 � l � 14

Reflections collected/unique 18210/3608 [Rint ¼ 0.0831] 16502/3690 [Rint ¼ 0.0993]
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/restraints/parameters 3608/0/291 3690/0/301
Goodness-of-fit on F2 1.036 0.997
Final R indices [I > 2s(I)] R1 ¼ 0.0639, wR2 ¼ 0.1712 R1 ¼ 0.0482, wR2 ¼ 0.1249
R indices (all data) R1 ¼ 0.0858, wR2 ¼ 0.1888 R1 ¼ 0.0979, wR2 ¼ 0.1635
Largest diff. peak and hole 1.105 and �0.669 e. Å�3 0.348 and �0.376 e. Å�3

Table 3
The in vitro cytotoxic activity of 4ael on cancer and normal cells byMTTassay at 48 h
of exposure.

Compound IC50
a in mM

MDA-MB-231 MCF-7 VERO

4a >100 >100 >100
4b >100 36.69 ± 0.06 >100
4c 11.39 ± 0.04 7.98 ± 0.03 25.04 ± 0.16
4d >100 >100 >100
4e >100 >100 >100
4f >100 21.35 ± 0.14 >100
4g >100 >100 >100
4h 5.44 ± 0.03 >100 >100
4i 2.45 ± 0.05 1.86 ± 0.02 >100
4j >100 >100 >100
4k >100 >100 >100
4l >100 >100 >100

Doxorubicinb 0.91 ± 0.19 1.08 ± 0.02 >100

a Data presented is the mean ± SD value of three independent determinations.
b Positive control.

Table 4
The in vitro antioxidant activity of 4ael in DPPH method.

Compound Concentration (mg/mL)

25 50 100 IC50

4a e e e e

4b 51.37 ± 1.23 54.05 ± 0.86 63.72 ± 0.63 24.33 ± 0.30
4c 70.60 ± 0.25 74.21 ± 0.43 81.86 ± 0.70 17.70 ± 0.56
4d 48.65 ± 0.60 52.86 ± 1.24 61.93 ± 0.80 25.69 ± 0.12
4e e e e e

4f 63.87 ± 0.30 65.49 ± 0.46 72.54 ± 0.78 19.57 ± 0.23
4g 66.28 ± 1.16 69.53 ± 1.31 74.19 ± 0.71 18.85 ± 0.60
4h 75.23 ± 0.18 79.54 ± 0.36 85.44 ± 0.60 16.61 ± 0.56
4i 77.69 ± 0.24 83.26 ± 0.42 86.20 ± 0.82 16.08 ± 0.75
4j 64.12 ± 0.22 67.44 ± 0.64 72.59 ± 0.78 19.49 ± 0.26
4k 53.02 ± 0.14 56.61 ± 0.33 64.28 ± 0.50 23.57 ± 0.43
4l 68.42 ± 0.28 71.68 ± 0.42 79.66 ± 0.82 18.26 ± 0.18
Ascorbic acid 82.39 ± 0.12 83.52 ± 0.38 87.22 ± 0.54 15.17 ± 0.44
Blank e e e e

(�) Showed no scavenging activity; Values were the means of three replicates ± SD.
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respectively, whereas the IC50 value of the standard ascorbic acid in
DPPH method was found to be 15.17 mg/mL at 25 mg/mL. It is clear
from the results that the antioxidant potential of compounds is
connected with the positioning and forms of substituents on the
phenyl rings. In addition, the enhancement in activity due to the
presence of a hydroxy group at position C-5 carbon and 3-fluoro 4-
methoxyphenyl group attached to C-1 carbon of the pyrazoline
ring. Compounds 4i and 4h, which have electron donatingmethoxy
and methyl substitutions, respectively, at the para position of
phenyl rings attached to C-3 and C-5 carbons of the pyrazoline ring
exerted excellent activity. Compound 4c, which has an electron
donating methoxy group at the para position of the phenyl ring
attached to C-3 and an electron withdrawing chloro substitution at
the ortho-para position of the phenyl ring attached to C-5 carbons
of the pyrazoline ring, contributed in the radical scavenging ability.
Compounds 4l, 4g, 4j and 4f showedmoderate antioxidant activity,
whereas the other compounds 4k, 4b and 4d displayed mild ac-
tivity. Structureeactivity relationship (SAR) reveals that the
electron-donating groups are generally more beneficial than the
electron withdrawing or unsubstituted groups in the phenyl rings.
5. Conclusions

In short, we have synthesized a new, biologically active 1,3,5-
trisubstituted aryl-5-hydroxypyrazoline derivatives bearing 3-
fluoro-4-methoxyphenyl moiety and their structures were char-
acterized by their spectral and analytical data. The newly synthe-
sized analogues were evaluated for their in vitro anticancer activity
against breast adenocarcinoma cell lines (MCF-7, MDA-MB-231)
and in vitro antioxidant activity. Among the analogue compounds,
4i demonstrated most potent activity against MCF-7 and MDA-MB-
231 cell lines, while 4c and 4h exhibitedmoderate toxicity in cancer
cell lines. Moreover, the compounds 4f and 4b were found to have
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selective toxicity against the breast cancer cell line, i.e., on MCF-7.
In vitro antioxidant studies revealed that compounds 4i, 4h and
4c showed excellent activity in comparison to the standard drug.
The significant anticancer and antioxidant activities of the syn-
thesized compounds may be due to the presence of the electron-
donating and halo substituted groups on the phenyl rings along
with core hydroxypyrazoline moiety. It is clear from the results that
the cytotoxic effect of these derivatives is in conjunction with their
antioxidant property. Furthermore, the observed anticancer and
antioxidant activities may be looked at as key steps for the
designing more potent new chemical entities with comparable
pharmacological profiles to that of the standard drugs.

6. Experimental protocols

6.1. Materials and methods

Melting point was taken in open capillary tube and was un-
corrected. The purity of the compound was confirmed by thin layer
chromatography using Merck silica gel 60 F254 coated aluminum
plates. Products were characterized by spectroscopy data (IR, 1H
NMR 13C NMR and LC-MS). IR spectrumwas recorded on Shimadzu-
FT-IR Infrared spectrometer in KBr (nmax in cm�1). 1H NMR and 13C
NMR spectra were recorded on 400 MHz and 100 MHz Bruker AMX
400 spectrometer, with 5 mm PABBO BB-1H TUBES with TMS as
internal standard in DMSO/CDCl3. LC-MS was obtained using Agi-
lent 1200 series LC and Micromass zQ spectrometer. Elemental
analysis was carried out by using VARIO EL-III (Elementar Analy-
sensysteme GmBH). Chemicals were purchased from Sigma-
eAldrich, India and used without further purification.

6.2. Procedure for the synthesis of chalcone dibromides (2ael)

To a solution of chalcones 1ael (0.01 mol) in chloroform
(50 mL), bromine (0.01 mol) in chloroform (25 mL) was added
slowly with stirring. After the completion of addition of bromine
solution, the reaction mixture was stirred for 24 h. Excess of chlo-
roform was distilled off under reduced pressure. The precipitated
solid was filtered, dried and recrystallized from chloroform.

6.3. Procedure for the synthesis of 1,3,5-trisubstituted aryl-5-
hydroxy pyrazolines (4ael)

To a mixture of chalcone dibromides 2ael (0.01 mol) in absolute
ethanol (75 mL) 3-fluoro-4-methoxybenzohydrazide 3 (0.01 mol)
and triethylamine (10 mL) were added. The reaction mixture was
heated under reflux for ~12 h on a water bath. The contents were
reduced, cooled and poured onto crushed ice and kept overnight.
The resulting hydroxy pyrazolines 4aelwere collected by filtration
and recrystallized from ethanol.

6.3.1. (5-(2,4-Dichlorophenyl)-5-hydroxy-3-phenyl-4,5-
dihydropyrazol-1-yl) (3-fluoro-4-methoxy phenyl)methanone (4a)

IR (KBr) nmax (cm�1): 3353 (OH), 3099 (Ar CeH), 2945 (CeH),
1634 (C]O), 1570 (C]C), 1181 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): d 3.84 (d, 1H, CH2, J ¼ 18.2 Hz), 3.90 (d, 1H, CH2, J ¼ 18.2 Hz),
3.95 (s, 3H, OCH3), 5.53 (s, 1H, OH), 6.87 (d, 1H, J ¼ 8.8 Hz), 7.35 (d,
2H, J ¼ 7.5 Hz), 7.42 (d, 2H, J ¼ 7.5 Hz), 7.47 (dd, 1H, J ¼ 2.3 Hz), 7.49
(d, 1H, J ¼ 2.3 Hz), 7.82e7.98 (m, 3H), 8.13 (d, 1H, J ¼ 5.8 Hz); 13C
NMR (100 MHz, DMSO-d6, ppm): d 48.4 (C-4), 55.9 (OCH3), 91.4 (C-
5), 113.3 (C-50), 117.5 (d, 2JCeF ¼ 20 Hz, C-20), 124.1, 127.2 (d,
3JCeF¼ 7 Hz, C-10), 127.8 (C-60), 128.1,128.4,129.3,130.2,131.7,133.6,
134.2, 134.8, 140.2, 149.8 (d, 2JCeF ¼ 12 Hz, C-40), 152.4 (d,
1JCeF ¼ 240 Hz, C-30), 153.1, 163.4 (C]O); LC-MS (m/z, %): 457
([M�H]�, 99), 459 (([M�H]þ2)�, 67), 461 (([M�H]þ4)�, 17).
6.3.2. (5-(2,4-Dichlorophenyl)-5-hydroxy-3-p-tolyl-4,5-
dihydropyrazol-1-yl) (3-fluoro-4-methoxy phenyl)methanone (4b)

IR (KBr) nmax (cm�1): 3361 (OH), 3083 (Ar CeH), 2926 (CeH),
1625 (C]O), 1574 (C]C), 1170 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): d 2.27 (s, 3H, CH3), 3.68 (d, 1H, CH2, J ¼ 18 Hz), 3.80 (d, 1H,
CH2, J ¼ 18 Hz), 3.94 (s, 3H, OCH3), 5.48 (s, 1H, OH), 6.98 (d, 1H,
J ¼ 8.3 Hz), 7.03e7.29 (m, 4H), 7.40 (dd, 1H, J ¼ 2.4 Hz), 7.43 (d, 1H,
J ¼ 2 Hz), 7.76e7.89 (m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm):
d 21.6 (CH3), 48.6 (C-4), 56.8 (OCH3), 92.6 (C-5),113.5 (C-50),116.6 (d,
2JCeF ¼ 18 Hz, C-20), 123.8, 127.6 (d, 3JCeF ¼ 7 Hz, C-10), 128.0 (C-60),
128.6, 129.4, 130.2, 130.7, 131.3, 132.5, 134.2, 140.2, 142.3, 149.5 (d,
2JCeF ¼ 11 Hz, C-40), 152.0 (d, 1JCeF ¼ 240 Hz, C-30), 154.5, 165.5 (C]
O); LC-MS (m/z, %): 471 ([M�H]�, 98), 473 (([M�H]þ2)�, 68), 475
(([M�H]þ4)�, 13).
6.3.3. (5-(2,4-Dichlorophenyl)-5-hydroxy-3-(4-methoxyphenyl)-
4,5-dihydropyrazol-1-yl) (3-fluoro-4-methoxyphenyl)methanone
(4c)

IR (KBr) nmax (cm�1): 3373 (OH), 3097 (Ar CeH), 2935 (CeH),
1614 (C]O), 1566 (C]C), 1176 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): d 3.57 (d, 1H, CH2, J¼ 18 Hz), 3.66 (d, 1H, CH2, J¼ 18 Hz), 3.86
(s, 3H, OCH3), 3.96 (s, 3H, OCH3), 5.44 (s, 1H, OH), 6.97 (d, 2H,
J ¼ 8.8 Hz), 7.02 (d, 1H, J ¼ 8.4 Hz), 7.37 (dd, 1H, J ¼ 2.4 Hz), 7.39 (d,
1H, J ¼ 2 Hz), 7.69 (d, 2H, J ¼ 8.8 Hz), 7.85e7.94 (m, 3H); 13C NMR
(100 MHz, DMSO-d6, ppm): d 48.9 (C-4), 55.8 (OCH3), 56.6 (OCH3),
91.1 (C-5), 113.1 (C-50), 114.8, 117.8 (d, 2JCeF ¼ 19 Hz, C-20), 123.9,
127.2 (d, 3JCeF ¼ 6 Hz, C-10), 127.3, 127.7 (C-60), 128.6, 130.1, 130.6,
131.2, 133.2, 139.2, 149.9 (d, 2JCeF ¼ 11 Hz, C-40), 151.8 (d,
1JCeF ¼ 242 Hz, C-30), 153.2, 161.5, 162.8 (C]O); LC-MS (m/z, %): 487
([M�H]�, 99), 489 (([M�H]þ2)�, 69), 491 (([M�H]þ4)�, 14).
6.3.4. (5-(2,4-Dichlorophenyl)-3-(4-fluorophenyl)-5-hydroxy-4,5-
dihydropyrazol-1-yl) (3-fluoro-4-methoxyphenyl)methanone (4d)

IR (KBr) nmax (cm�1): 3314 (OH), 3099 (Ar CeH), 2937 (CeH),
1606 (C]O), 1555 (C]C), 1208 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): d 3.75 (d, 1H, CH2, J ¼ 18.2 Hz), 3.83 (d, 1H, CH2, J ¼ 18.2 Hz),
3.91 (s, 3H, OCH3), 5.56 (s,1H, OH), 6.79 (d,1H, J¼ 8.8 Hz), 7.12e7.25
(m, 4H), 7.42 (dd, 1H, J ¼ 2.3 Hz), 7.46 (d, 1H, J ¼ 2.3 Hz), 7.78e7.92
(m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm): d 47.9 (C-4), 56.7
(OCH3), 91.8 (C-5), 112.6 (C-50), 116.2 (d, 2JCeF¼ 21 Hz, C-20), 117.1 (d,
2JCeF ¼ 22 Hz), 117.4 (d, 2JCeF ¼ 22 Hz), 124.3, 127.3 (d, 3JCeF ¼ 7 Hz,
C-10), 127.6 (C-60), 129.4, 130.1, 130.4 (d, 4JCeF ¼ 2 Hz), 130.9 (d,
3JCeF ¼ 10 Hz), 131.2 (d, 3JCeF ¼ 10 Hz), 131.7, 134.0, 140.0, 149.7 (d,
2JCeF ¼ 11 Hz, C-40), 152.1 (d, 1JCeF ¼ 240 Hz, C-30), 153.0, 162.3 (d,
1JCeF ¼ 254 Hz), 163.3 (C]O); LC-MS (m/z, %): 475 ([M�H]�, 85),
477 (([M�H]þ2)�, 67), 479 (([M�H]þ4)�, 18).
6.3.5. (3-(3-Chloro-2-fluorophenyl)-5-(2,4-dichlorophenyl)-5-
hydroxy-4,5-dihydropyrazol-1-yl) (3-fluoro-4-methoxyphenyl)
methanone (4e)

IR (KBr) nmax (cm�1): 3362 (OH), 3085 (Ar CeH), 2922 (CeH),
1627 (C]O), 1580 (C]C), 1185 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): 3.92 (d, 1H, CH2, J ¼ 18 Hz), 4.01 (d, 1H, CH2, J ¼ 18 Hz), 4.33
(s, 3H, OCH3), 5.75 (s, 1H, OH), 7.35 (d, 1H, J ¼ 8.4 Hz), 7.57 (dd, 1H,
J ¼ 2 Hz), 7.63 (d, 1H, J ¼ 2 Hz), 7.74e7.90 (m, 3H), 8.06e8.27 (m,
3H); 13C NMR (100 MHz, DMSO-d6, ppm): d 48.6 (C-4), 56.2 (OCH3),
91.8 (C-5), 113.6 (C-50), 116.2 (d, 2JCeF ¼ 20 Hz, C-20), 119.6 (d,
2JCeF ¼ 19 Hz), 121.2 (d, 2JCeF ¼ 18 Hz), 123.5, 126.4, 127.2 (d,
3JCeF ¼ 8 Hz, C-10), 127.5 (C-60), 127.8 (d, 3JCeF ¼ 7 Hz), 130.3, 130.9,
131.6, 132.3 (d, 3JCeF ¼ 9 Hz), 133.8, 139.1, 149.4 (d, 2JCeF ¼ 12 Hz, C-
40), 151.6 (d, 1JCeF ¼ 243 Hz, C-30), 153.2, 162.8 (d, 1JCeF ¼ 248 Hz),
163.7 (C]O); LC-MS (m/z, %): 509 ([M�H]�, 97), 511 (([M�H]þ2)�,
95), 513 (([M�H]þ4)�, 32).
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6.3.6. (5-(2,4-Dichlorophenyl)-3-(3-fluoro-4-methylphenyl)-5-
hydroxy-4,5-dihydropyrazol-1-yl) (3-fluoro-4-methoxyphenyl)
methanone (4f)

IR (KBr) nmax (cm�1): 3387 (OH), 3097 (Ar CeH), 2935 (CeH),
1620 (C]O), 1566 (C]C), 1178 (CeF); 1H NMR (400 MHz, CDCl3,
ppm): d 2.76 (s, 3H, CH3), 3.97 (d, 1H, CH2, J ¼ 18 Hz), 4.08 (d, 1H,
CH2, J ¼ 18 Hz), 4.40 (s, 3H, OCH3), 5.86 (s, 1H, OH), 7.44 (d, 1H,
J ¼ 8.4 Hz), 7.65 (dd, 1H, J ¼ 2 Hz), 7.78 (d, 1H, J ¼ 2 Hz), 7.80e7.85
(m, 3H), 8.23e8.37 (m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm):
d 14.7 (CH3), 48.8 (C-4), 56.6 (OCH3), 91.3 (C-5),113.0 (C-50), 113.4 (d,
2JCeF ¼ 17 Hz), 117.8 (d, 2JCeF ¼ 20 Hz, C-20), 122.9, 124.1, 126.9 (d,
2JCeF ¼ 16 Hz), 127.2, 127.4 (d, 3JCeF ¼ 8 Hz, C-10), 127.7 (C-60), 130.1,
130.6, 131.3 (d, 3JCeF ¼ 8 Hz), 132.6 (d, 3JCeF ¼ 7 Hz), 133.3, 139.0,
150.0 (d, 2JCeF ¼ 10 Hz, C-40), 151.9 (d, 1JCeF ¼ 242 Hz, C-30), 152.6,
162.4 (d, 1JCeF ¼ 242 Hz), 163.1 (C]O); LC-MS (m/z, %): 489
([M�H]�, 98), 491 (([M�H]þ2)�, 58), 493 (([M�H]þ4)�, 10).

6.3.7. (3-Fluoro-4-methoxyphenyl) (5-hydroxy-3-phenyl-5-p-tolyl-
4,5-dihydropyrazol-1-yl)methanone (4g)

IR (KBr) nmax (cm�1): 3393 (OH), 3062 (Ar CeH), 2924 (CeH),
1641 (C]O),1583 (C]C), 1181 (CeF); 1H NMR (400MHz, DMSO-d6,
ppm): d 2.29 (s, 3H, CH3), 3.40 (d, 1H, CH2, J ¼ 18.2 Hz), 3.53 (d, 1H,
CH2, J ¼ 18.2 Hz), 3.95 (s, 3H, OCH3), 6.92 (s, 1H, OH), 7.18 (d, 2H,
J ¼ 8 Hz), 7.26 (d, 2H, J ¼ 7.3 Hz), 7.34 (d, 2H, J ¼ 7.3 Hz), 7.59 (d, 2H,
J ¼ 8 Hz), 7.73e7.81 (m, 3H), 7.96 (d, 1H, J ¼ 5.9 Hz); 13C NMR
(100 MHz, DMSO-d6, ppm): d 21.8 (CH3), 51.1 (C-4), 56.4 (OCH3),
93.8 (C-5), 112.9 (C-50), 117.6 (d, 2JCeF ¼ 21 Hz, C-20), 125.2, 126.5,
127.4 (d, 3JCeF ¼ 6 Hz, C-10), 127.7 (C-60), 129.0, 129.8, 134.8, 135.1,
136.9,140.5,149.8 (d, 2JCeF¼ 10 Hz, C-40), 151.5 (d, 1JCeF¼ 244 Hz, C-
30), 153.6, 163.5 (C]O); LC-MS (m/z, %): 403 ([M�H]�, 95).

6.3.8. (3-Fluoro-4-methoxyphenyl) (5-hydroxy-3,5-di-p-tolyl-4,5-
dihydropyrazol-1-yl)methanone (4h)

IR (KBr) nmax (cm�1): 3402 (OH), 3020 (Ar CeH), 2927 (CeH),
1633 (C]O), 1577 (C]C), 1176 (CeF); 1H NMR (400 MHz, DMSO-d6,
ppm): d 2.27 (s, 3H, CH3), 2.33 (s, 3H, CH3), 3.44 (d, 1H, CH2,
J¼ 18.4 Hz), 3.59 (d, 1H, CH2, J¼ 18.4 Hz), 3.91 (s, 3H, OCH3), 6.90 (s,
1H, OH), 7.15 (d, 2H, J ¼ 8 Hz), 7.24e7.27 (m, 3H), 7.38 (d, 2H,
J ¼ 8 Hz), 7.61 (d, 2H, J ¼ 8 Hz), 7.69e7.76 (m, 2H); 13C NMR
(100 MHz, DMSO-d6, ppm): d 21.0 (CH3), 21.5 (CH3), 51.5 (C-4), 56.6
(OCH3), 94.1 (C-5), 113.1 (C-50), 117.8 (d, 2JCeF ¼ 19 Hz, C-20), 125.0,
126.9, 127.5 (C-60), 127.7 (d, 3JCeF ¼ 6 Hz, C-10), 128.9, 129.0, 129.8,
136.7, 140.6, 141.4, 149.9 (d, 2JCeF ¼ 11 Hz, C-40), 151.9 (d,
1JCeF ¼ 242 Hz, C-30), 153.0, 164.0 (C]O); LC-MS (m/z, %): 417
([M�H]�, 97).

6.3.9. (3-Fluoro-4-methoxyphenyl) (5-hydroxy-3-(4-
methoxyphenyl)-5-p-tolyl-4,5-dihydropyr azol-1-yl)methanone (4i)

IR (KBr) nmax (cm�1): 3425 (OH), 3033 (Ar CeH), 2930 (CeH),
1621 (C]O),1565 (C]C), 1184 (CeF); 1H NMR (400MHz, DMSO-d6,
ppm): d 2.29 (s, 3H, CH3), 3.49 (d, 1H, CH2, J ¼ 18 Hz), 3.63 (d, 1H,
CH2, J ¼ 18 Hz), 3.83 (s, 3H, OCH3), 3.96 (s, 3H, OCH3), 6.89 (d, 2H,
J ¼ 8.5 Hz), 6.97 (s, 1H, OH), 7.02 (d, 2H, J ¼ 8.1 Hz), 7.20 (d, 2H,
J ¼ 8.5 Hz), 7.41 (d, 2H, J ¼ 8.1 Hz), 7.81e7.93 (m, 3H); 13C NMR
(100 MHz, DMSO-d6, ppm): d 21.0 (CH3), 51.9 (C-4), 55.7 (OCH3),
56.2 (OCH3), 94.3 (C-5), 113.6 (C-50), 114.7, 116.8 (d, 2JCeF ¼ 19 Hz, C-
20), 125.2,127.1, 127.5 (d, 3JCeF¼ 7 Hz, C-10), 127.7, 128.2 (C-60), 129.5,
136.7,139.5,149.6 (d, 2JCeF¼ 12 Hz, C-40), 152.0 (d, 1JCeF¼ 240Hz, C-
30), 153.8, 161.3, 164.2 (C]O); LC-MS (m/z, %): 433 ([M�H]�, 99).

6.3.10. (3-Fluoro-4-methoxyphenyl) (3-(4-fluorophenyl)-5-
hydroxy-5-p-tolyl-4,5-dihydropyr azol-1-yl)methanone (4j)

IR (KBr) nmax (cm�1): 3414 (OH), 3095 (Ar CeH), 2918 (CeH),
1620 (C]O), 1512 (C]C), 1165 (CeF); 1H NMR (400 MHz, DMSO-d6,
ppm): d 2.28 (s, 3H, CH3), 3.47 (d, 1H, CH2, J ¼ 18.4 Hz), 3.61 (d, 1H,
CH2, J ¼ 18.4 Hz), 3.91 (s, 3H, OCH3), 6.95 (s, 1H, OH), 7.15 (d, 2H,
J ¼ 8.4 Hz), 7.23e7.32 (m, 3H) 7.39 (d, 2H, J ¼ 8.4 Hz), 7.68e7.78 (m,
4H); 13C NMR (100 MHz, DMSO-d6, ppm): d 22.1 (CH3), 53.5 (C-4),
56.6 (OCH3), 94.7 (C-5), 112.8 (C-50), 114.9 (d, 2JCeF ¼ 21 Hz, C-20),
116.2 (d, 2JCeF ¼ 20 Hz), 116.7 (d, 2JCeF ¼ 20 Hz), 124.6, 126.8, 127.2
(C-60), 127.6 (d, 3JCeF ¼ 7 Hz, C-10), 129.5 (d, 4JCeF ¼ 1.6 Hz), 129.9 (d,
3JCeF ¼ 11 Hz), 130.3 (d, 3JCeF ¼ 11 Hz), 136.5, 140.7, 150.1 (d,
2JCeF ¼ 12 Hz, C-40), 151.0 (d, 1JCeF ¼ 240 Hz, C-30), 153.2, 163.3 (d,
1JCeF ¼ 255 Hz), 164.9 (C]O); LC-MS (m/z, %): 421 ([M�H]�, 97).

6.3.11. (3-(3-Chloro-2-fluorophenyl)-5-hydroxy-5-p-tolyl-4,5-
dihydropyrazol-1-yl) (3-fluoro-4-meth oxyphenyl)methanone (4k)

IR (KBr) nmax (cm�1): 3397 (OH), 3085 (Ar CeH), 2930 (CeH),
1625 (C]O), 1536 (C]C), 1178 (CeF); 1H NMR (400MHz, DMSO-d6,
ppm): d 2.30 (s, 3H, CH3), 3.50 (d, 1H, CH2, J ¼ 18.2 Hz), 3.65 (d, 1H,
CH2, J ¼ 18.2 Hz), 3.98 (s, 3H, OCH3), 6.97 (s, 1H, OH), 7.32 (d, 2H,
J¼ 8.4 Hz), 7.54 (d, 2H, J¼ 8.4 Hz), 7.68e7.82 (m, 3H), 7.87e7.96 (m,
3H); 13C NMR (100 MHz, DMSO-d6, ppm): d 22.5 (CH3), 54.7 (C-4),
56.4 (OCH3), 94.4 (C-5), 112.9 (C-50), 116.4 (d, 2JCeF ¼ 20 Hz, C-20),
121.2 (d, 2JCeF ¼ 18 Hz), 122.3 (d, 2JCeF ¼ 16 Hz), 124.1, 124.9, 126.7,
127.0 (d, 3JCeF¼ 7 Hz, C-10), 127.2 (C-60), 128.3 (d, 3JCeF¼ 7 Hz),133.9
(d, 3JCeF ¼ 8 Hz), 135.6, 139.5, 149.8 (d, 2JCeF ¼ 11 Hz, C-40), 151.6 (d,
1JCeF ¼ 245 Hz, C-30), 153.0, 162.8 (d, 1JCeF ¼ 244 Hz), 164.7 (C]O);
LC-MS (m/z, %): 455 ([M�H]�, 90).

6.3.12. (3-Fluoro-4-methoxyphenyl) (3-(3-fluoro-4-methylphenyl)-
5-hydroxy-5-p-tolyl-4,5-dihydro pyrazol-1-yl)methanone (4l)

IR (KBr) nmax (cm�1): 3418 (OH), 3093 (Ar CeH), 2915 (CeH),
1619 (C]O), 1563 (C]C), 1165 (CeF); 1H NMR (400 MHz, DMSO-d6,
ppm): d 2.28 (s, 3H, CH3), 2.36 (s, 3H, CH3), 3.48 (d, 1H, CH2,
J¼ 18.4 Hz), 3.62 (d,1H, CH2, J¼ 18.4 Hz), 3.97 (s, 3H, OCH3), 6.96 (s,
1H, OH), 7.34 (d, 2H, J ¼ 8 Hz), 7.58 (d, 2H, J ¼ 8 Hz), 7.83e7.92 (m,
3H), 8.13e8.27 (m, 3H); 13C NMR (100 MHz, DMSO-d6, ppm): d 14.9
(CH3), 21.3 (CH3), 49.6 (C-4), 56.3 (OCH3), 94.0 (C-5), 112.8 (C-50),
113.0 (d, 2JCeF ¼ 18 Hz), 116.1 (d, 2JCeF ¼ 20 Hz, C-20), 124.0, 125.6,
126.3 (d, 2JCeF ¼ 16 Hz), 127.2, 127.5 (d, 3JCeF ¼ 9 Hz, C-10), 128.0 (C-
60) 131.1 (d, 3JCeF ¼ 8 Hz), 132.8 (d, 3JCeF ¼ 8 Hz), 136.1, 140.4, 150.2
(d, 2JCeF ¼ 11 Hz, C-40), 151.7 (d, 1JCeF ¼ 238 Hz, C-30), 154.5, 163.4 (d,
1JCeF ¼ 246 Hz), 165.1 (C]O); LC-MS (m/z, %): 435 ([M�H]�, 98).
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